Invasiveness of Salmonella typhi strains in HeLa S3 monolayer cells.
The internalization and intracellular multiplication, i.e., the invasiveness, of Salmonella typhi strains recently isolated from typhoid fever patients were confirmed in HeLa cell monolayers. When stained with Giemsa solution, intracellular bacteria were 0.6 X 1.2 micron in size and stained purple, whereas extracellular bacteria associated or not with the HeLa cell surface were 1.0 X 3.0 micron and stained deep blue. Strain GIFU 10007 was internalized into 23% of the HeLa cells within 10 min after inoculation. About 90% of the HeLa cells were infected after 24 hr incubation in kanamycin (KM)-containing medium. Intracellular multiplication of the challenge organism was verified by a large number of intracellular bacteria after 24 hr incubation in KM-containing medium by both light-microscopy of the Giemsa stained preparation and viable counts of intracellular bacteria. The viable counts of strain 10007 showed an increase of more than 40-fold within 24 hr after inoculation, whereas in the four other less or non-infective strains, recovery of viable bacteria was poor or nil. Strains which were highly invasive usually failed to show strong adhesion. The contribution of Vi antigen to the internalization of challenge organisms was not proved. Infective strains, when killed by formalin were still adhesive, but were not internalized. The same strains, when killed by boiling, were neither adhesive nor internalized. From these findings it was concluded that the internalization and multiplication of infective S. typhi strains in cultured HeLa cells should be regarded as an invasion rather than phagocytosis by host cells, and such invasiveness could be an indicator to estimate the virulence of S. typhi strains.